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Imaging Immunoassay detection system and method. 

@ Light generated by one or more chemical reactions in a dis- 
crete array is determined, both as to emissions per reaction and 
as to relative location of the reactions, e.g. using a system com- 
prising: 

a sample carrier having spaced-apart discrete areas each 
containing a reactant capable of emitting light photons if a 
reaction takes place; 

a photon receiver, for receiving photons emitted from each 
reaction simultaneously; and 

a signal generator coupled to the photon receiver, for 
generating a signal representing the x-y location of each reac- 
tion. 

The signal generator may be a photomultiplier, charge- 
coupled device or vidicon tube. The invention is particularly 

suited to the determination of reactions and non-reactions e g 
between an array of labelled antibodies and a specimen poten- 
tially containing one or more complementary antigens, in an im- 
munoassay. 
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This invention relates to an • 
d*»f-«>^« "nagmg immunoassay 

detection system and method. 

BACKGROU ND OF THE INVENTION 

Highly sensitive instrumentation for inm„,« 
5 4..-!,^. , BUOn r °r immunoassay 

techniques has been developed to enable measurement of 
reactions of extremely small quantities of biological a„ d 
chemical substances. For example, instruments for 
radioimmunoassay are used which are sensitive, accurate 
and precise, but require expensive 

theT"!'. ° ther ai " d ™ ta 9es of such systems include 
the short half-life of the radioisotopes, and the danger 
of using and disposing of the radln^i.- danger 
in such assays. 9 the radioactive compounds used 

enzvmr 0 ^" PreValent ""^ ^ the colorimetric 
enzyme immunoassay which utilises enzymes as labels ■ *„ 
enzyme-linked immunoreactant binds either to a n\nt'i ae T 
or to an antibody, causing a reaction which yields a 
quantitative measure of the antibody or antigen, which 
can be detected by a colour change. Such an assay is 
usually slower than other conventional techniques 
involving automated assays. 

A third method that can be used is a fluorescence 
immunoassay, based on the iabelling of an antigen or 
antibody with fluorescent probes. «s- A -, 3209 70 discloses 
a photon-counting f luorimeter that may be used in such an 
assay. Disadvantages of such a system include the 
necessity of processing only one sample at a time, other 
systems attempt to use laser beams as the external light 
source to excite the solution, as disclosed in 
US-A-3984533. Again, this system can process on!y one 
sample at a time. * 

^Instrumentation for luminescence assays 
advantageously involves a self-exciting luminescing 
system, in direct contrast to fluorimeters which utilise 
an external light source. m general, existing 
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luminometers am „ 

CiS ar © complex in 

° f •«*"««.! quantities"^?" 0 " "* the , 

further efforts to analvsT r " 9ent beln 9- ««PU d 
sample simultaneous^, in * more '"an one reagent ' 
been successful. ^ ^^"v. have „ 0 , 

^ a system describea w « d «.„ end are illustrat 

luminometrie * =><=nroeder et al i n - T „ 

etric Assay for Hepatitis » ^ . ^"noehem 
Clinical Chemistry, vol „ Sur face Antigen", 

— ier is prepared J^J" ' ' • 

"=y a Xu^^r * P h lB "»*y »* -agents 
Production during reaction by 

thrs method and apparatus have th J ""^ H °" ev «. 
"quiring the reactions to bTm dlsad -nt age of 
at a time. A microprocessor J;"!" 3 one 
and air valves for adding the des % '° C °" t *° 1 flui * 
well, the carrier was moved in an ChemiC * 1S *» — * 

the individual wells sequential "* Pla "' t0 P ° Siti °" 
order to enable the Photons * i„ 

counted. The results were aT t * """on to be 
' though photons were c^'^T " " Prl — »~ 
intervals, obviously a great Z f " 10 se «"d 

required to analyse hundred" or th^ «" 
specimens in sequential order one a"^ • ^ 

In addition, gb-a-zij,,^ T 
chemilumlnometer for sil" dlsclos es a 

—Pies. The results oTt al n a e n d e ° U h ly """"^ ""^V 1 * 
semi-quantitative. however, are only 

" has heretofore no* x._ 
luminescent assays on muTtiol P °" lble *° °« 
simultaneously i„ a short V ° lu »e samples 

Presently existing technolo^ P^t""*,' ^ SeC ° n<3s - 
« a time and often requires if! Mr ° ne sucn 

of 200 „! or more. 9 * V ° lu " e samples, i. e . 

As used herein tfc. » r 

"luminescence- mean all v T* "^^scenf and 

all klnds of Ught emission 
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incandescence and include chemi luminescence, 
bioluminescence, prompt fluorescence, delayed 
fluorescence and phosphorescence and the like. 

Reeset al, J. Phys. E: Sci. Instrum. 14(1981) 
■ 229-233, describe a miniature imaging photo^ete^cr 
with a transparent photocathode . it is proposed for use 
m astronomy and geophysics. 

SUMMARY OP THE INVENT TOW 

an* "".r eSent inVe " ti0n °-««-e» the given drawbacks 
and provides an imaging immunoassay detection apparatus 
system and method capable of detecting and quantifying 
multiple light-emitting reactions from small V olumT 

samples simultaneously. 

The present invention is very advantageous inasmuch 
as xt is very rapid because it analyses all samples 
simultaneously, is extremely accurate because it requires 
no mechanical motion of components, has no repositioning 
errors as in sequential resolution, can use an internal 
standard such as a known sample to obtain comparative 
information, is adaptable with a filter to handle any 
particular wavelength of light, and is versatile in that 
it can detect assays requiring external light as well as 
those that do not require external light, thus being able 
to operate with immunoassays utilising 

„ * utilising luminescence and 

fluorescence and the like. 

In brief, the present invention comprises an imaging 
system for detecting photons generated by chemical 
reactions comprising sample carrier means having a 
Plurality of individual areas each containing individual 
chemxcal reactant samples capable of emitting photons if 
a reaction takes place, the plurality of reactant- 
containing areas being arranged in spaced relationship 
with respect to each other; Paging means associated with 
said carrier means for simultaneously receiving 
individual photons emitted from each area sample where a 
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reaction is taking place; and means coupled to the 
Photon-receiving imaging means for generating a signal 
representing the x-y location of each area sample 
generating a photon, whereby the reactants in each area 
> sample having a reaction and the number of its photon 
emissions over any predetermined period of time may be 
simultaneously identified. 

The invention also comprises a method of 
simultaneously detecting photons generated by a pl urality 
of chemical reactions, comprising the steps of providing 
a plurality of individual chemical reactant samples each 
capable of emitting photons when a reaction takes place 
the samples being arranged in spaced relationship with ' 
respect to each other, and simultaneously detecting the 
presence and x-y location of each photon emitted from any 
reacting samples, whereby the total number of photons 
emitted from each reacting sample over a predetermined 
period of time may be determined. 

Thus, the present invention is not only extremely 
rapid and processes simultaneously multiple assays, but 
also enables considerable economies to be made in the use 
of often expensive reagents concerned because only small 
quantities of samples are required. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagrammatic representation of the 
novel photon detection system; 

Figure 2 is a diagrammatic representation of the 
xmaging photon detector used in the system of Figure 1- 

Figure 3 is a representation of both background 
noise signals and signals from discrete areas of reaction 
(whereby the background noise signals may be cancelled 
leaving only reaction signals) ; ' 

Figure 4 represents a carrier in which multiple 
antibody labels may be used simultaneously or in which a 
standard reaction may be compared with other reactions- 
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Figure 5 is a diagrammatic representation of how a 
wavelength interference filter may be used with the 
carrier of Figure 4 to pass only a particular light 
wavelength, thereby allowing only photons of a particular 
wavelength corresponding to a labelled antibody to pass 
to the imaging detector; 

Figure € is a schematic representation of a circuit 
in a microprocessor for subtracting background noise from 
the sample signals to obtain an output signal 
representing substantially only pure photon emission from 
a reactant sample; and 

Figure 7 is a diagrammatic representation of the use 
of invisible ultraviolet radiation as a source of 
external light. 
DETAILED DESCRIPTION 

The apparatus of the present invention, which will 
be described in further detail below, may be utilised 
with any number of different assay techniques as stated 
earlier, but will be described with particular reference 
to the use of luminescent immunoassays in the detection 
of antigen-antibody reactions. More particularly, the 
invention can be employed to detect the characteristic 
reactions of labelled monoclonal and polyclonal 
antibodies with antigens found in samples such as urine, 
faeces, blood, milk and water and the like. 

Polyclonal antibodies are well-known. Monoclonal 
antibodies may be prepared by the technique first 
described by Kohler and Milstein, Eur. J. Immunol. 6, 292 
(1975) . In order to detect the presence of particular 
antigens, the monoclonal antibodies may be labelled with 
a multitude of different labels, such as luminescent or 
fluorescent compounds. Further, the particular labels 
utilised in the present invention must be capable of 
emitting light once the antigen-antibody reaction occurs, 
and thus the reactions are designated as "light-emitting 
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reactions". The present invention will be described i n 
general wxth reference to a luminescent-labelled 
monoclonal antibody, although fluorescent labels may also 

-real: " S^ 1 *"* As used herein, the ter* 

reactants" means the combination of (1 , , monoclonal § 
antxbody labelled with a luminescent or fluorescent I 
compound, and (2) an antigen. f 
Luminescence is the emission of light by an atom or I 
molecule as an electron is transferred to the ground I 
state from a higher energy state. m both 
chemiluminescent and bioluminescent reactions, the free 
energy of a chemical reaction provides the energy 
required to produce an intermediate reaction or product 
in an electronically excited state. Subsequent decay 
back to the ground state is accompanied by emission of 
ixght. Bioluminescence is the name given to a special 
form of chemiluminescence found in biological systems 
such as the firefly, in which a catalytic protein or 

enzyme, such as luciferase, increases the efficiency of 
the luminescent reaction, when this luciferase enzyme is 
combined with its substrate, luciferin, in the presence 
of ATP (adenosine triphosphate) , magnesium and oxygen a 
flash of light is produced, whose intensity is 
proportional to the amount of ATP present in the sample 
The firefly luciferase/luciferin/ATP system is as 
follows : 

ATP £giferase AMP + PP + hv 

Luciferin 

where hv is the energy of a photon, h is the Planck 
30 constant, and v is the frequency associated with the 
photon. 

Assays of the invention can directly determine the 
number of live organisms in a sample, either because the , 
presence of ATP in a test sample indicated live cells or i 
35 because of the presence of immunoglobulins labelled with » 
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a luminescence-detectable enzyme (like peroxidase or 
luciferase) . 

Chemi limine scent substances such as luminol may also 
be utilised in a horseradish peroxidase-catalysed 
oxidation, as follows: 

luminol peroxidase products + hv 

H 2°2 

In the present invention, the "light-emitting 
reactions" generate photons which are coupled to an 
imaging device such as an imaging photon detector a 
charge-coupled device , or a vidicon tube (any of a 
variety of camera tubes having a photoconductive target) . 
In the preferred embodiment , an imaging photon detector 
is used. 

In particular, the reactions may be generated by 
reactants spatially arranged in individual areas on a 
sample carrier in a single row or column or by a 
two-dimensional array of reactants spatially arranged, 
for instance, in rows and columns. For example, a 
carrier may have an array, such as rows, of 1 mm outside 
diameter nylon tubes containing the labelled monoclonal 
antibodies, to which is added the specimen or specimens 
being tested for the presence of an antigen. The fluids 
involved are self-contained and of a very small volume. 
Thus, an advantage of the present invention is that the 
imaging photon detector can quantify (in 10 seconds or 
less) light emitted from multiple "light-emitting 
reactions", in volumes of 3 \il or less, i.e. much smaller 
than can be used in known apparatus. 

Another carrier suitable for use with an imaging 
photon detector is a microtiter plate with multiple 
samples in rows and columns. A particular plate may 
contain as many as 96 individual wells. Each well 
contains different labelled monoclonal antibodies 
adsorbed on the surface of the plate. A portion of the 
specimen is added to each well. The presence and 
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quantity of a particular antigen in 

determined by the number of lndi vidual well U 

antiqen-anns a Photons generated by the 

antigen-antibody reaction. 
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A third carrier involves 
Mobilised antibodies on a p^™^* ° f 

labelled monoclonal antibodies are *• flla * entS ' 

individual areas on a plurality o" 

filament may bear a different Lbei> d EaCh 
antibody capable of emitting \\ZT 

an antigen. Because the relet ^ * detecti °n of 

filaments generate 11^.^^'.°" 

system can q ua„titativel y deterTiTtV ^ deteCtiM 
particular antigens. • tBr »™» the presence of 
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The present invention envisages the „*= » 
number of different types of multiple 1" , , ^ 
produced, light-emitting reaction^ f e ° ,lcall J- 
the image photon detectL 11 ) T ^ ***** * 

the present invention Junta the i J^, li9ht ' 
impinging upon a light sensijv! T """^ 
-aging photon detector * Pnotocathode of an 



Each of the above means for containing 
of reactants can be used !„ »k Containin 9 * Plurality 
described below in I k . W^us system 

the specimen eerier Llns! """^ " """"" « 

refer™* ^P""" »*« be described with 

reference to Figures 1 and 2. 

F *g. 1 is a system for oiia,,;,.,,. 
of multiple biochemical images analyS±S 

detector. The system •„ ^ 9 1,0391119 P hoton 

xne system enables the detection *f 

concentrations of substano^o 10n ° f verv low 

specimens which int he PrGSent *" Samples °* 

..... wnicn, xn the course of their t- Q3 „4. • 

light photons under certain conditions in T' ^ 
the system has demonstrate naitlons - *»> particular, 
10-" and lower. sensitivity i n the order of 
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Fig. 1 shows a specimen carrier means 10 which may 
include a plurality of fluid samples all capable of 
simultaneously undergoing a reaction. Samples can be 
spaced in individual areas as a row or column or in a 
two-dimensional array of rows and columns as shown in 
Fig. 3 and Fig. 4, for example only. The reactions that 
produce light generate photons 12 which are focused by an 
optical system 14 to form the image of the light outputs 
of each of the samples on a photoconductive target form- 
ing a portion of an imaging photon detector (ipd) 16 The 
imaging photon detector 16 will be disclosed in detail 
hereinafter but is known in the art; it immediately 
converts incoming light into quantitative information 
which can be stored and processed within a memory lQ f any 
conventional computing means such as a microprocessor 24. 

The imaging detector 16 of the present invention 
takes simultaneous readings of discrete sample areas such 
as the solid dark areas of Fig. 3, rather than averaging 
the readings of the entire sample area (including the 
carrier area surrounding the sample) . Background noise 
represented by the shading lines in Pig. 3 , is caused by 
non-specific binding antigens or antibodies to the solid 
surface of the carrier, which are not washed away in the 
preparation of the carrier. Conventional detectors read 
these signals generated by this undesirable binding and, 
because these conventional detectors average the signal' 
over the entire sample area, they interpret these 
undesired false signals as a positive reaction. 
Background noise effectively decreases the sensitivity of 
the assay at relatively low levels of concentration, 
where the positive reaction signal has nearly the same 
intensity level as the background noise. 

The present invention eliminates the background 
noise problem by simultaneously reading the signal from 
the background environment and the signal from the 
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concentrated reaction aro* 

area and comparing the two 
readings. Because the nrpwnf 

c tne present imaging immunoassay 

detection system can read signals from numerous discrete 
reaction areas at the same instant, a real time 
measurement of the signals from the discrete areas of 
reaction in a two-dimensional array can be taken 
averaged and compared with the signal representing the 
background noise caused by the non-specific binding * > 
computer 24 can analyse and dispiay the results by I 
subtracting from the signals representing the discrete f 
areas of reactions the signals representing the i 
background noise, as shown in Fig. 6 , thereb \ 
pure reaction signals. weaving the . 

Further, since the present system can simultaneous!, ' 
15 evaluate a carrier, such as a 96 -„ e ii microtiter trly ' ' 
vxthout repositioning the carrier or tray as in systL i 
usxng se,uential detection, resolution errors that occur i 
from imprecise mechanical repositioning of the samples '• 
between measurements as required in the prior art are i 
0 eliminated. \ 

i. 

Since the present imaging immunoassay detection I 
system can look at more than one discrete reaction at a ! 
time, contrasting reactions can be analysed relative to ' 
one another. By way of illustration, in a 
5 two-dimensional array of samples as in a microtiter tray 
represented in Fig. 4, reactions can be compared 
side-by-side simultaneously. The amount of photons 
generated by each reaction can be read and analysed by 
compter 24 and the relative extent of reaction compared, 
in this way, a more accurate comparison can be made 
between specific samples, thus providing better test 
results, as an example, a negative reaction may be j 
Placed in a discrete area A in Fig. 4, to serve as a I 
control for purposes of comparison with a positive ) 

reaction in a discrete aroa n mi . . 

ete area B - Th e negative reaction in • 
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discrete area A may still generate spurious signals 
caused by non-specific binding, as pointed out earlier. 
This background noise level is potentially constant 
across a given carrier such as a microtiter tray and is 
useful in setting up a base level of signal generation 
from which more positive reaction can be compared. 

Thus, the present imaging system is capable of rapid 
quantitative analysis of samples. Because of its unique 
ability to simultaneously read and analyse numerous 
samples, the time necessary to produce results is 
dramatically reduced. 

Furthermore, the sensitivity of the present imaging 
system allows for very accurate measurements even at very 
low concentrations of the samples. For instance, an 
15 imaging photon detector is capable of measuring 

individual photons of light. By using amplifiers, the 
system is able to register very low concentrations of 
materials and is therefore useful in areas such as 
diagnosing for the presence of infectious organisms, as 
well as drug monitoring and disease detection. 

Because of its sensitivity, the imaging system can 
not only detect minute quantities of a reaction samples, 
but can also read a very small area of reaction. Thus, 
the amount of reagent and the area which are needed to 
25 conduct the assay are less then before, thereby 

minimising the cost of reagents and carrier materials. 

The output of the imaging photon detector 16 on line 
18 comprises analog signals which represents the x-y 
spatial correspondence of each detected photon, thus 
identifying electrically the x-y address of the sample or 
specimen that produced the light. These analog signals 
are coupled to an analog-to-digital (A/D) converter 20 
which produces digital output signals on lines 22 
representing the spatial orientation of the specimen 
35 source producing the photon received by the imaging 
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Photon detector 16 and thus identifvino 
sample or specimen which product the V ^""^ 
-i«it.l signals 22 are coupLd " a miL ' *" 
which stores and analyses LT, """"Processor 24 

5 be programed to dismay it lnf °™"on and can 

reactions continue tfoeV " f °™«- T "e 

linue to generate lioht thrn,mK« ^ 

esired predetermined period of ^. ^^11^ 
10 seconds or less <-k little as 

iess » and the number of ^v,„x. 

each reacting sample is accumulated in the Pr ° dUCed * 
° ^"Processor 24. Thus, microprocessor °* 
signals on l ine 26 to video display 28 and D 
visual display and analysis o, Le llQht ' 3 ° 
accumulated, from samples 10 llght "«"ed, and 

» w hi ch A i:::titi: zlvzzzz - 

relative amount of l ight or n JT / illustrates the 

xxgnr or number of photon <? h^<« 
generated by each sample. Such a bar cUrt , 
Produced, for a permanent record, by print er 3" " 

samo, * tW - a ^^ i»age of the array 'of 

samples as they are physically located (i e tl 

address) can be produced ♦>,. • . heir x " y 

proauced, the intensity of the H„h> 

generated by each sample being indicated either if , 
or by numerals, thus identifying which is " 

generating the greatest amount of lioht 1 
microprocessor 24 can Obviously, the 

«,„ , " P erf °rm any operation on the 

samples as desired to correct and calibrate the 
to compensate for any inherent noise n the T 
as by subtracting the background noise, a, explai! T 

waging photon detector 16 with a cooling unil is i 
well known „a„„ e r such as by circular T ^ 
or a' refrigerant about the LgZ oh\ " 

Cooling the detector ,6 redu«s the te f " 
«i«^4. uces tft e tendency for free 

electrons to be emitted from elements of thl « I 

and which assist in generating Z I , detector 16 < 

in generating the background noise. 
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Fig. 2 is a diagrammatic representation of the 
construction details of the imaging photon detector used 
m the preferred embodiment herein and which is known in 
the art. The detector may be type IPDG1 or type PIDP1 
manufactured by Instrument Technology Limited in East 
Sussex, England. The imaging photon detector 16 is a 
two-dimensional imaging sensor capable of detecting 
extremely weak radiation, e.g. capable of detecting an 
ATP content in the sample down to as low as 10~ 16 
moles /sample. As indicated earlier, that image is 
produced in analog form which is converted through an 
analog-to-digital converter 20 to a digital form for 
use by the microprocessor 24. 

Light is composed of individual photons. Each 
individual photon has an extremely small amount of energy 
associated therewith. m most common images, the light 
contains fluxes of millions or billions of photons per 
square centimeter and per second. Using the imaging 
photon detector 16, each incoming photon has a high 
probability of detection by the photocathode 32. 

The photoconductive target 32 can thus be thought of 
as equivalent to a photographic film except that it has a 
sensitivity of the order of 100 times greater. When a 
photon strikes the light sensitive photocathode 32, a 
photoelectron is released from photocathode 32 and 'is 
immediately accelerated into a series of microchannel 
plate intensifies or amplifiers 34. As a result of the 
intensification created by microchannel plates 34, a 
gain in the range of 3xl0 6 to 3xl0 7 electrons is emitted 
from the rear of each microchannel plate for each 
incident photoelectron and thus corresponds to each 
initially detected photon. The combination of the 
microchannel plates 34 thus enables extremely small 
amounts of light to be detected. 
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A resistive anode encodpr i 
benind tne microcnannel ^ 36 Mediately 
burst into signals „„i cn can 1 tranSlat " *»• electron 
two-aimensional x - y aaaress of tn r SSed ^ ' 

* tnus tne sample. Lus tn! T ^ Pn ° t0n and 

' tne »"»log reaaout of tne 
resistive anode 36 on line 18 In Fia l < ! 

present a linear x-y reaistr!, t0 
-ent. T „e reaa-out tnro„TfT °' 

38 is suitably proces^ tl °" n ^°-l electrodes 

0 representation of tn x- y 

tne x-y position of tne inni^ ^ 
pnotoelectron (and tnus th. e , » incident 

.. . US tne sample) by analog-to- 

dxgxtal converter 20 and microprocessor 24 I T 
Fig. 1. Tnus, by tne use of tne Hi * 9 * mm in 

16, tne full image of all If t l T* 

or tne samples in -i « 4.. 

- dimensions is created by integrate, \Z iL " f 

onto tne pnotocatnode 3 2 . pnoto-by-pnoton It ' 

present system detects and presents ?T ' 
to multiple ima 9 i„ g , present tne t" ^ 
upon tne occurrence' of tn^i^d"^^^ 
extremely small amounts of lir,»<- * " S 

Hgftt down to and inci,^,^ 
Single pnoton, and quantifies su ™ • * deluding a 

specific X -y sampled s^Lr^lr^ *" — 

instead of an imaging pnoton detector fvni^ • 
preferred) , tne system may use a ar^l " 
frrm c "arge-coupled device 
(CCD) as tne imagina dpvi ^« i< lce 

tne art. Tney arTL T 8 *™ known *» 

l.n.- " con 3 unc tion witn an optical 

lensrn, system (sucn as optical system !4 in Fl 7 T 

wnicn focus*** * *ig. 1) 

rocuses lignt from tne object being investiaat^ 
(sample array 10 in Fig. 1} on to tne ^ 

amounts of l ig nt from individual samples are incL 
individual pixels witnin tne CCD and lnc ^ent on 

—rent levels proportional" tn e " ' 

Tnus tne optical information or lignt fro \ 
10 is available in analog forT across tn "" y 
array 16. Tne anal™ i I P1XelS ° f CCD 

Y analog information is tnen snifted out 
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of tne CCD and converted to digital form in a well known 
manner by tne analog-to-digital converter 20 and is 
tnen coupled to a memory in computer 24 wnere the various 
measurement levels and comparisons can be made by 
appropriate manipulation of tne digital information. See 
"Imaging", Tne Optical Industry and System Purchasing 
Directory, 1983, pp. E-72 to E-74. 

As is well known in tne prior art, tne individual 
pixels within a CCD array are closely spaced and arranged 
horizontally in rows and vertically in columns so tnat a 
given CCD imaging device 16 provides a fixed number of 
pixels of information. For instance, some CCD's have 320 
vertical columns of pixels and 512 horizontal rows of 
pixels . 

CCD's have several characteristics which make them 
advantageous in the present invention as an imaging 
device. CCD's are small and rugged and have closely 
spaced pixels and are therefore useful where, as here, 
precise measurements are required. They also receive an 
image by the direct reception of light energy without 
being scanned, and store the received data until the data 
are transferred to another storage device. Further, the 
data received from the CCD can be processed by simple 
comparison or detection techniques, thereby avoiding 
complex and major time-consuming sampling techniques 
ordinarily used to process such data. 

Another imaging device wnicn can be used instead of 
an imaging photon detector or a CCD is a vidicon tube. 
The name vidicon is, generally applied to any of a variety 
of tubes having a photoconductive target. The vidicon 
operates in a well known manner and utilises an electron 
beam to scan a light-sensitive photoconductive target. A 
transparent conductive layer applied to the front side of 
the pnotoconductor serves as the signal or target 
electrode. Tne target electrode is operated at a 
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positive voltage witn respect to tn. k v 

pnotoconductor vnicn ope * ° *"* sid * of tne 

voltage. x„ operation! CltlZ'T 

cnarges toe back side of tl ' ^ initia "v 

potential. „ ne „ . llgnt patterTuiT^' *° ""^ 

focused on tne pnotoconduLr L * ! Pn0t ° n, " 

in tne il luininatea areas and « e ^"^e f ' '""^ 

cnarges to more positive values t« , 

reads tne signal by depositing elect* ^ 

Positively cnarged areas> tnereby pr ::r d S in ° n ^ 

capacitively coupled signal at Je ! , * " 

electrode, se. -t., ■ signal output 

"ae. see Imaging Devices" , rca <!„i •., 1 
Devices, 19, pp 3-9 Solld stat « 
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Tnus, a « used in Pig. 1 . „,,. 

5 Pn0t0 " s °* output fro.'*^ £TL" ^ 

tnrougn optics 14 and produces LI T "actions 
line „ as described easier £ ^ °" 
line 18 is coupled to tne ^ZZlilT^ °" 
20 from wnicn digital signals ^rtZsA ITIT" 
manner as for tne i» a ,i„ 0 pnoto „ JJ^" » tne •— 

It is also possible to us» m „n-- , 
It- tne imeging immunoassay dete^n '""^ labSlS 
present invention. Different antral * " °* 
»itn different indicators anl " tlb0d "" are labelled 
^- - rs and correspond to 

dxscrete areas on tne carrier leJ J " » * 
to Fig. «, discrete area a „ ' ltn regard 

vitn an indicator sucn as lucLer^e",!:"^ 
nave an antibody l ab elled witn an "di \ ' B 
bacteria! reductase, and so for" "ft!* " * 

generates a different wavelengtn of ii" ! T" t " dl0 "" 
area for eacn antibody nas it! " disc rete 

40 of tne aesirld'cna^acte^ 

samples 10 and optics 14 sue t "Jf" 

" tnat onl y pnotons of a 
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particular wavelength corresponding to an antibody 
labelled with a particular indicator pass through to the 
imaging detector 16. In this manner, the novel imaging 
immunoassay detection system can be made wavelength 
selective, thereby permitting greater flexibility and 
sensitivity. 

It will be understood, of course, that if a 
fluorescing material, such as fluorescein, is used as the 
label, invisible ultraviolet light or black light will 
have to be used. Fig. 7 illustrates such apparatus, 
wherein an ultraviolet light source 54 is powered by an 
appropriate power source 56. Ultraviolet light rays 58 
impinge on samples in carrier 10 which fluoresce if a 
reaction takes place. The remainder of the circuit 
operates as described above in connection with Fig. l. 

As shown in Fig. 6, the signals detected by imaging 
device 16, representing background noise and sample 
signals combined, are stored in a memory 42 of 
microprocessor 24. The detected signals representing 
background noise alone are stored in a memory 44 of 
microprocessor 16. By coupling these two stored signals 
on lines 46 and 48 to an arithmetic unit 50, and 
subtracting one from the other an output signal is 
obtained on a line 52, which represents substantially 
25 only pure photon emission from any selected reactant 
sample. Thus, background noise is substantially 
eliminated or minimised. 

The system of the present invention can be used in 
conjunction with labelled DNA or RNA probes instead of 
antibodies as a diagnostic tool. DNA probes or RNA 
probes are specific sequences of amino-acids that are 
complementary to particular sequences of a sample piece 
of DNA or RNA. These probe pieces of DNA or RNA can be 
labelled with an indicator so as to generate a signal, 
analogous to an immunoassay, and would be contained in a 
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carrier 10 such as shown in Fig i Tn 

™* is first removed from . ce j 0 ' J? U "' the DNA 

sample containing a DNA or *nI\! structure in a 

is bound to a surface sul The «** or rn a 

* ^ ace such as nitrocellulose • 

5 denatured so that i*- c ^ •, ulose ' and is thei 

separated com Plementary strands are 

separated. The DNA or RNA probe, labelled with . 
indicator, is then added to the sample t nd Tf S 
specific complementary sequence of the pr obe 
in the sample, the sample and probe wiTc^" 
0 unbound label is w*.,*^ P Wl11 combine. The 

ej - is washed away and the « m n „ 

bound labelled probe is read in ^ ? COntainin 9 

w read ln the manner descriho/i 

hereinabove with reference to Pig 1 "bribed 

isotope-labelled assays are also within t*. 
the present invention. m such .„ S °° pe ° f 

5 component is labelled with an isot ^ 
phosphorus-32 or iodines J t 

in the performance o a r£o W ^ ^ """^ 
labelled component, .t^t;^^^.^ 
the analyte of interest, the unbound ilhex i 

Morris:' and the - - - - away 

this elodime" T^e 1 IZT P ZIZ £ * 
screen. Phosphor screens are' wel Ll\f~ 
are used to convert electron en„ art and 

— screens are 

crystals, phosphors, which emit l lah . T ° l™">e.cnt 
electrons. In the present ^ ^ " h «" Warded by 

receives gamna radiation L" tL^^T" 

m :t , emlts photons which jr^r^-sr and - 

detection system. Thus, i n Fia i „. . 
the phosphor screen which receL 'elects " ^ ^ 
reaction and emits light 12 wh* * . eleCtrons fro ™ any 
and processed in the Lnne' * ° PtiCS 14 

this ma nner, gam™ particTes Ze c PreVi ° USly * In 
dete^Ki u S are averted into 

detectable photons which are receive = * 

received and processed as 
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described hereinabove. Other types of gamma-to-photon 
conversion means are also usable and within the scope of 
the present invention. 

As an illustration of the sensitivity of the IPD 
array detector system, the well established firefly 
luciferase/luciferin-based assay for ATP provides a 
useful reference. Thus, using the standard ^urnac" 
firefly luciferase/lucif erin reagents for the 
bioluminescent ATP assay in the Lumac Biocounter 
luminometer, the lower limit for the assay (carried out 
as recommended by the manufacturer) is set by the 
"background" count of photons (of about 10/second) 

typically experienced. This sets the lower limit of the 

— 1 5 

determination at about 5x10 moles ATP per sample. In 
contrast, using the IPD system described above, the lower 

limit of the determination, using similar criteria is 

-17 9 
set at about 5x10 moles ATP. 

The invention will be further illustrated in 
conjunction with the following Example, which is set 
forth for purposes of illustration only and not by way of 
limitation. 
Example 

Monoclonal antibodies are prepared according to the 
method of Kohler and Milstein noted above. In 
particular, an antibody to Shigella is prepared by the 
procedure described in WO-A-86/00035 and labelled with 
luminescent compounds such as the firefly 
luciferase/luciferin/ATP system. These luminescent 
labelled antibodies are then adsorbed onto the surface of 
a microtiter tray. Additionally, each well of the tray 
may contain labelled monoclonal antibodies to different 
antigens, thus allowing diagnosis for the presence of a 
wide variety of different antigens at the same time. 
This microtiter tray thus contains a number of known 
antibodies at known x-y addresses or areas on the tray. 
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The tray is then washed with .v. 

unknown antigen (., and an aL SPeCMSn Cmta ^ g the 
„„, n ° an an tlgen-antibody rsactl». 

occurs. Next, the tray is rinc^ ^ "action 

are renoved. Then, the " V Unb ° Und ant ">odi es 
carrier holder of the L " *" th * Speci ^" 

described above! The 2 "* Ph ° tDn deteCti " 9 Sy "*» 
antigen.s, i„ the specLen a " ,OUnt ° f Unk "°^ 

generated by the ch!ra«eristi c . ! * Ph ° to - 

reactions and their X -l ,2 + antlgen - anti body 

x y locatxon on the nicrotiter tray 
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CLAIMS 

1. A system for detecting photons generated by a 
chemical reaction, which comprises: 

a sample carrier having spaced-apart discrete areas 
5 each containing a reactant capable of emitting photons if 
a reaction takes place; 

a photon receiver, for receiving photons emitted 
from each reaction simultaneously; and 

a signal generator coupled to the photon receiver, 
10 for generating a signal representing the x-y location of 
each reaction; 

whereby each reaction and the number of its photon 
emissions during a predetermined period of time may be 
simultaneously identified. 
15 2. A system according to claim 1, wherein the signal 
generator is a photomultiplier tube having a 
photoconductive target, a charge-coupled device or a 
vidicon tube, for producing x-y location output signals 
representing the light intensity or number of photons 
20 emitted by each reaction. 

3. A system according to claim 1 or claim 2, which 
further comprises: 

a computer coupled to the signal generator, for 
receiving and storing each of the signals, whereby the 
25 x-y location and number of photons generated by each 

reaction during the predetermined period of time can be 
accessed; and 

display means coupled to the computer, for 
presenting a representation of each reaction area and the 
30 number of its photon emissions. 

4. - A system according to any preceding claim, which 
comprises means for subtracting background noise signals 
from signals representing reactions, whereby the 
resulting signal represents substantially only photon 

35 emissions from the reactions. 
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A system according to any precedino « 
comparing a potential reaction L e r t e s Yl t T 
a standard controi, which further J" h — «-r or 

means for comparina th^ 
5 different reaction^. ^ *"*"•« from 

6. A system accordino to 

the signal generator gl^at^ Cl * im < — i 

system further comprises : * S19nalS ' the 

an analog-to-digital converter coupled to the • 
> generator, for converting the analnn . * Slgnal 

signals; and 109 Slgnals to d ^ital 

a microprocessor coupled to *-h» =, , 
carter, which tohfc . , «4 1 t^ ,,1W 

Pluralrty of locations therein corresponding the 
arrangement or array of areas or of reactions V 
storing the digital signals. "actions, for 

7 - A system according to anv 

the signal generator includes a oh!, ' *" ^ 

and the system further co^LlsT '**-'• 

an optics system for focusin„ i „• 

from the reactions on to «-h ! * Ph ° t0nS emitted 

° nS ° n to the Photoconductive tar^f «. 
generate x-y location output sianalc . tar ^t, to 

light intensity or number phI tons the 
reaction. Photons emitted by each 

8. a system according to ei«-tm •» • _ 
comprises: ? ' WhlCh fur ther 

a specific wavelength light interference fin-. 

:zT* d h bet r en the sampie c — 

system, such that only reactions emitting light of 
wavelength are monitored by the svst*™ , ! 
emission. 7 tem for photon 

9. 



two-dimensional array ^"T^ ~ *» ' 

a •ie:s: y :r r ™: n : \° any precedin * ^ — 

«->ii«s reactant contain*! •; - j -• 

ins an indicator which, on 
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reaction, emits light of a wavelength different from that 
emitted from other reactions. 

11. A system according to any preceding claim, wherein 
each reactant is a labelled monoclonal antibody against 
an antigen, and the label emits light on reaction between 
the antibody and the antigen. 

1?. A system according to any of claims 1 to 10, wherein 
each reactant is a labelled DNA or RNA probe specific for 
its complementary sequence in DNA or RNA, respectively 
and the label emits light on reaction between the probe 
and a sample containing the complementary sequence. 

13. A system according to any of claims 1 to 9, wherein 
each reactant is an isotope-labelled antibody, and gamma 
rays are emitted on reaction between the antibody and an 
antigen; if desired, the system further comprises a 
phosphor screen, for converting the emitted gamma rays 
into light photons. 

14. A method of detecting chemical reactions, which 
comprises detecting photons emitted, on reaction, from 
spaced-apart discrete areas each containing a reactant 
capable of emitting photons when the reaction takes 
place, and simultaneously determining the x-y location of 
each photon emitted. 

15. A method according to claim 14, which further 
comprises determining the total photon emission of any 
reacting sample during the given time. 

16. A method according to claim 12 or claim 13, which 
comprises a step or steps corresponding to the function 
defined for a system according to any of claims 3 to 6 . 

17. A method of detecting chemical reactions, by using a 
system according to any of claims 1 to 13, which 
comprises introducing an analyte on to the discrete areas 
of the sample carrier, wherein one of the analyte and the 
sample carrier contains the said reactant and the other 
is under test to determine whether or not it contains a 
component which reacts with the reactant. 
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(si) Imaging immunoassay detection system and method. 

© Light generated by one or more chemical reactions in a 
discrete array is determined, both as to emissions per reac- 
tion and as to relative location of the reactions, e.g. by using a 
system comprising: 

a sample carrier having spaced-apart discrete areas each 
containing a re acta nt capable of emitting tight photons if a 
reaction takes place; 

a photon receiver, for receiving photons emitted from 
each reaction simultaneously; and 

a signal generator coupled to the photon receiver, for 
generating a signal representing the x-y location of each 
reaction. 

The signal generator may be a photomultiplier, charge- 
coupled device or vidicon tube. The invention is particularly 
suited to the determination of reactions and non-reactions, 
e.g. between an array of labelled antibodies and a specimen 
potentially containing one or more complementary antigens, 
in an immunoassay. 
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